Methods: Sixty-six mandibular premolars were prepared and randomly distributed into three groups, according to the root canal sealer used for filling, as follows: G1 AH Plus (Dentsply-Maillefer), G2 MTA Fillapex (Ângelus) and Sealapex (Kerr Corporation). After one week in an oven (37°C, 100% humidity), the teeth were immersed in India ink for 15 and 30 days (n = 10), and then submitted to diaphanization to verify the amount of coronal microleakage using an operating microscope. The values were statistically analyzed using Kruskal-Wallis test (p < 0.05).
Introduction
After proper cleaning and shaping, the root canal system must be three-dimensionally filled with materials that ensure its impervious seal, preventing marginal leakage, and creating a favorable environment for biological repair of periapical tissues. 1 As gutta-percha has no adhesion to dentin surface, the choice of sealers that allow adhesion between gutta-percha and dental structure, and have relative bioactivity, assisting in the repair process, are fundamental. 2, 3 Over the years, the development of several biomaterials enabled the professional to solve a large number of cases in endodontic practice. 4 Among these biomaterials, Mineral Trioxide Aggregate (MTA) has been widely used due to its excellent biological properties, [4] [5] [6] despite some negative features, as poor handling carachteristics, long setting-time and low flow ability. 3, 4 In order to incorporate the biological properties of MTA to a material with proper handling carachteristics and adequate sealing, a new root canal sealer, called MTA Fillapex (Ângelus, Londrina, PR, Brazil), was developed. MTA Fillapex is a mineral aggregate-based root canal sealer, which comprises particles of MTA -dicalcium and tricalcium silicate -(13%) (wt), salicylate resin, nanoparticulated silica and bismuth trioxide as radiopacifier agent. 7 According to the manufacturer, such sealer mixes the excellent biological features of MTA to the sealing ability of modern resin-based root canal sealers. Studies have reported that this sealer is biocompatible, 8 has adequate antimicrobial properties, 9 excellent flow ability to penetrate within the dentinal tubules 10, 11 and good adhesiveness. 12, 13 However, some physical-chemical properties, such as the high solubility and disintegration, and the presence of gaps in the sealer/dentin interface; compromise its performance. 12 In many cases, the tooth is not restored in the same session after filling. 14 In addition, in several situations, the temporary restorative material used prior to final restoration placement may dislodge from the cavity, compromising the integrity of the root canal recently filled. 14 Therefore, it is crucial that root canal sealers are capable to resist to oral fluids leakage for a minimum period, until definitive tooth restoration. 14, 15 Thus, the aim of this in vitro study was to evaluate the level of coronal microleakage in root canals filled with a MTAbased root canal sealer (MTA Fillapex), in comparison with a calcium hydroxide-based root canal sealer (Sealapex) and an epoxy-amine resin-based root canal sealer (AH Plus). The null hypothesis tested was that there would be no difference among the sealing ability of the sealers, in both periods of analysis.
Materials and methods
For this study, sixty-six freshly extracted human single-rooted teeth, donated by the Bank of Teeth of the Federal University of Amazonas, with prior approval from the Research Ethics Committee (CAAE n.º 36936914.0.0000.5020), were used. Sample size calculation was performed to determine the number of specimens necessary per experimental and control groups to detect a significant difference of 5% (alpha) among them, for a primary response to a leakage up to 1 mm for control group, and up to 2 mm for the experimental groups; with a mean standard deviation value of 0.5. 16 The teeth selected for this study had to be single-rooted, with closed apex, and a 16 mm-long single canal. Teeth that were not in accordance with the selection criteria were eliminated from the final sample.
After samples selection, the teeth were submitted to disinfection process by placing them in 0.5% chloramine T solution at 4°C for 48 hours, followed by washing in running water for 24 hours. Afterwards, the teeth were packed in receptacles containing distilled water at 5°C until use.
Coronal access preparation was performed with spherical-diamond bur No. 1015 (KG Sorensen, Cotia, SP, Brazil) coupled to a high-speed device (MS 400, Dabi Atlante, Ribeirão Preto, SP, Brazil), followed by finishing with cylindrical-diamond bur No. 2135 (KG Sorensen), under constant water cooling.
The root canals were initially negotiated with a size 15 K-type file (Dentsply-Maillefer, Ballaigues, Switzerland), up to the apical foramen, and then, withdrawn to the extent of 1 mm to establish the working length (15 mm). Next, the cervical and middle thirds were enlarged with sizes 2, 3 and 4 Gates-Gliden burs (Dentsply-Maillefer). The apical third was prepared with K3 nickel-titanium rotary system (K3 System, SybronEndo, Orange, CA, USA), in the following sequence of instruments 15 . The root canals were irrigated with 2 mL of 2.5% NaOCl (Rio Química, São José do Rio Preto, SP, Brazil) at each change of instrument. Afterwards, the smear layer was removed by applying 1 mL of 17% EDTA (Biodinâmica, Ibiporã, PR, Brazil) for 3 minutes, followed by a final irrigation with 2 mL of 2.5% NaOCl (Rio Química). The root canals were aspirated and dried with caliber 40 absorbent paper cones (Dentsply-Maillefer), and then, the teeth were randomly separated into three experimental groups (n = 20), according to the sealers used for root canal filling (Table 1) The root canals were filled with a size 40 gutta-percha cone (Dentsply-Maillefer) associated to the root canal sealer to be tested, by the Tagger hybrid technique. Thermomechanical compaction of the filling material in the middle and cervical root thirds was performed using a size 60 McSpadden compactor, activated for 10 seconds at 3 mm from the root canal apex. The access cavity of the teeth was not restored to allow sealing ability testing of root canal sealers against the dye solution leakage.
After filling, the teeth were individually packed in receptacles containing artificial saliva, and they were stored in microbiological oven (37°C/100% humidity) for 7 days to simulate the oral conditions. After this period, the root surfaces were coated with 3 layers of cyanoacrylate (SuperBonder Loctite, Aachen, Germany) to prevent dye penetration along the root surface. As the purpose of this study was to evaluate the root canal sealers ability to avoid coronal microleakage, the root canals entrance was not coated. Thus, it was possible to measure the sealing ability of sealers at the coronal level. Six teeth were used as control groups (n = 3). Three teeth had their surfaces completely coated with 3 layers of cyanoacrylate, including the root canals entrance (negative control); and three teeth were not coated (positive control).
Next, the teeth were immersed in India ink (Acrilex, São Bernardo do Campo, SP, Brazil) for 15 and 30 days (n = 10). Afterwards, the teeth were washed in running water for 1 hour, dried and cyanoacrylate was removed from the roots surface using a scalpel blade No. 15.
For diaphanization, the teeth were immersed in 5% hydrochloric acid for decalcification. The acid solution was changed every 24 hours until the end of the process. At the end of the decalcification, the teeth were washed in running water for 1 hour to remove any presence of acid solution on the roots surface. Next, the teeth were dehydrated in alcohol (70, 92 and 100%), and then, placed on methyl salicylate to clarification procedure. After diaphanization, the teeth were taken to the operating microscope (40x) (DF Vasconcelos, São Carlos, SP, Brazil) to evaluate the depth of coronal microleakage.
Before microleakage analysis, a single examiner was proper calibrated to prevent misinterpretation of the results. In order to avoid any doubts, coronal microleakage values were measured in millimeters, in a blinded-manner, using as reference the gutta-percha cross section at the root canal entrance, and the longitudinal extent of dye penetration. Thus, the measurements were performed from the root canal entrance to the final point of longitudinal dye penetration. Microleakage measurements were performed three times to ensure the accuracy of the data collected. The normal distribution of samples was tested (Kolmorov & Smirnov test), and the microleakage values obtained were statistically analyzed (Kruskal-Wallis, p < 0.05) using the Graphpad Prism 4.0 (GraphPad Software, La Jolla, CA, USA).
Results
The graphic representation (mm) for coronal microleakage is in Figures 1 and 2 .
None of the tested root canal sealers was able to prevent coronal microleakage (Figure 3) . MTA Fillapex had the highest coronal microleakage values, irrespective of the period of analysis (15 and 30 days). However, these values were significant only in comparison with AH Plus group at 15 days (p < 0.05). In ascending order, the mean values of microleakage at 15-day period of analysis were: AH Plus (0.12 mm), Sealapex (0.17 mm) and MTA Fillapex (0.46 mm). At the 30 day-period, the mean values were 0.21 mm, 0.27 mm and 0.52 mm; respectively.
Discussion
This study evaluated the level of coronal microleakage in root canals filled with MTA Fillapex, in comparison with two root canal sealers of different bases, AH Plus and Sealapex. Based on the results obtained, it can be stated that the null hypotheses was partially accepted, since the tested root canal sealers presented difference in sealing ability only at 15 day-period.
The appearance of several methodologies over the last decades for microleakage analysis, as the use of dye linear leakage and dye extraction, microrganisms penetration, glucose tracer, saliva, radioactive isotopes, fluid transport models and positive pressure systems, were not able to find a valid correlation between in vitro and in vivo studies, impairing the extrapolation of such findings to clinical situations. 17, 18 Despite the limitations of microleakage studies, several new materials are launched constantly on the market, making the evaluation of their sealing ability crucial, especially for endodontic sealers. 19 The teeth used in the present study were not restored after filling to properly simulate a clinical situation where the restorative material was dislodged from its cavity. Recontamination of root canal system exposed to oral environment demonstrates the importance of an adequate restoration in teeth submitted to endodontic treatment. 20 Such exposure of endodontically treated root canals to saliva and microrganisms may lead to necessity of endodontic retreatment. 20 For this reason, endodontic sealers must be able to seal the root canal in its entire length, not only apically, but the coronal portion also, preventing microleakage. 20 In the present study, MTA Fillapex had the highest mean values of coronal microleakage at 15 and 30 days. Conventional MTA releases calcium ions and phosphorus during its setting process, indicating a possible bioactivity of the cement, as the probable deposition of such compounds on dentin surface increases sealing of the affected area. 21 However, MTA Fillapex has a small content of MTA in its composition (13%) (wt), in addition to resinous components, as salicylate, diluents and a natural resin, which compromises calcium ions release. 22 This fact might explain the worst performance of MTA Fillapex in comparison with the other root canal sealers tested. Moreover, sealers which contains salicylate in their composition, as MTA Fillapex, may present great contraction during the setting-process, leading to failures in sealer adhesion to root canal walls. 23 Significant dimensional changes, such as contraction, may create gaps between dentin and filling material, leading to microbial contamination, 23 and a high volume expansion may cause failure in adhesion between root canal sealer and dentin. 23 In this case, it is also valid to state that failures in MTA Fillapex/dentin walls interface were observed in 54% of the root canal perimeter in a recent study. 11 On the other hand, MTA Fillapex has greater ability to penetrate within the dentinal tubules when cold lateral condensation technique is performed. 10 The dentinal tubules penetration of this sealer is proportional to its flow capacity, thereby, determining its effectiveness on filling of root canal in its entire length, including lateral and accessory canals; and possible irregularities in root canal walls. 10 In this study, all teeth were filled using a thermoplastic technique, which might have affected the sealer compaction in root canal. Because of the pseudoplastic nature of the sealer, the force used in cold compaction decreases its viscosity, making it to flow more efficiently, and reach critical areas within the root canal. 10 Another factor that must be taken into consideration is the solubility of the root canal sealers evaluated. A low solubility facing the organic fluids is essential in order to obtain a durable proper sealing of the root canal system. 14, 15 In general, microleakage occurs at the interface between dentinal surface and sealer, sealer and gutta-percha, or sealer itself, because of its dissolution and disintegration with the course of time. 14, 15 According to the Specification N.º 57 of the American Dental Association (ANSI/ADA), 24 the solubility and disintegration of a root canal sealer should not exceed 3% of its initial volume. Several studies have demonstrated that AH Plus has solubility values lower than recommended by Specification N.º 57, 11, 25 which might explain the results obtained in this study, as this sealer had the lowest values of coronal microleakage, irrespective of the period of analysis.
On the other hand, recent studies have reported the high dissolution rate of MTA Fillapex. 26, 27 This root canal sealer presented a solubility higher than 3%, which is not in accordance with the Specification N.º 57 of the ANSI/ADA, 24 compromising other physico-chemical properties, as sealing ability. Such higher solubility might lead to sealer particles release, creating gaps and failures in sealer/root canal walls interface, allowing microleakage of fluids and microrganisms within the root canal system. 27 Despite the lower levels of coronal microleakage at the 15-day period, the results for Sealapex were statistically similar to MTA Fillapex at both periods of analysis. Calcium hydroxide-based root canal sealers, as Sealapex, are used in endodontic therapy to improve apical repair, as they release calcium ions and promote deposition of mineralized tissue at their site of action. 28 Also, studies have reported that Sealapex is able to induce significant apical closure, demonstrating the potential bioactivity of this calcium hydroxide-based sealer, 28 which explains its performance as regards to sealing ability.
Few studies have evaluated the sealing ability of MTA Fillapex. The results obtained so far corroborate the findings of the present study, reporting that this mineral aggregate-based sealer is not able to prevent coronal or apical microleakage.
Conclusions
Microleakage tests have several limitations, such as the effect of root canal anatomy on tests parameters, the difficult in reproducing the in vitro results into in vivo tests, and the great number of methodologies, which limits the comparison among studies. However, these type of laboratory-based tests are still important to certify new materials, and they have scientific merit under certain circumstances. Despite the limitations of this in vitro study, it can be stated that none of the root canal sealers evaluated was able to prevent coronal microleakage, which increased over the course of time. Furthermore, MTA Fillapex had the worst results at 15 days-period.
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